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Soil Moisture Characteristics of Water Terrace in Southwest China
—A Case Study of Hani Terraces
LI Yuan, SONG Weifeng, MA Jiangang

(College of the Ecology and Environment s Southwest Forestry University s Kunming 650224)
Abstract: In order to research soil water characteristics of water terrace in southwestern China, the Hani
terraces were taken for example, 4 kinds of land use types(woodland, grassland, dry land, and paddy field)
in the Hani terraced fields core (Quanfuzhuang watershed) were selected, the main soil physical and chemical
index, soil water characteristic curve, water holding capacity, and moisture availability were measured in 0—
10 cm, 10—20 cm, 20—40 cm, 40—60 cm, 60—80 cm, and 80—100 cm soil layers. The results showed
that; (1) The soil bulk density varied from 0.61~1.41 g/cm®, and showed significant difference between 0—
40 c¢cm and 40—100 cm, and the content of soil organic matter was 1.17 % ~9.65%. The changes of soil total
porosity and non capillary porosity were consistent with bulk density, and the soil capillary porosity was
woodland>>dryland and paddy field>>grassland. (2) The soil texture was mainly silt loam, with the highest
silt content (52.74% ~82.55%), followed by sand content (14.44% ~45.31%), and clay content (0~
3.68%). (3) Under the same soil water suction, the soil water characteristic curve of each soil layer in
woodland was relatively higher, and the soil water holding capacity was the strongest, followed by dry land
and paddy field, and the lowest in grassland. Soil available water content was paddy field>woodland>dry
land™>grassland. (4) Soil particle composition and capillary porosity were the key factors affecting soil water

characteristics in the Hani terrace. Soil water holding capacity was significantly positively correlated with
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particle composition, and soil available water content was significantly positively correlated with soil capillary

porosity. Generally speaking, woodland in Hani terrace ecosystem has a good capacity of storing and discharging

water, while terrace can retain water and redistribute water. Both of them play a very significant role in

maintaining the sustainable development of the ecosystem. The results provide a reference for further

research on soil moisture and irrigation management of terrace in southwest China.

Keywords: Hani terraces; soil moisture characteristic curve; soil water retention; soil moisture availability
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- SRS T U6k /0N - TG RE K B DU A I s 3 o b - K
KA RS RmAK, B LR 2 S AR B
40—80 cm TR A ROK B & T H A 42 5 K B %
MK 0o—10 cm LEE N KEGERE. N 24.93%,
80—100 cm fe/h, Ky 4.44 %, B3 55 A 3L
KEeEEFUHAR, NLZEKEFE0—40 cm %+
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BEE TR, AR A K H BSOS ERE,. B
IR 2, S o /N s 7E 40—60 em T2 b, FRHbE
it AR TEROK & 5 HA 3 Fh 4 R 2R AU A e
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g 0.60
055 |
g 050 |
<045 |
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TBAKR S/ em

ZSPEEE R AR H A UK & B R T AR
AT R, HOR R A0K & s s, o 3,19 em’/
em® s 7E 60—100 em £ )2 b, £ 7 S A - 38 H ) 3
KRR ROK & & a k2 R AR,

~ 0.60 - -

g 0.55 | (b) 10—20cmtE

2050 - —o— R —o— FHLHL
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24 TEEAKSBHHEEZMERSH

N5 AT LLE AN TR 3K S e AL
KO 5 SRR W AR RL A XA A A M
Kk 5 LB R AL S R A SR Z L 5
R TR HHEHEERNRE, KW SN
30 kPa B, - HEHE KM 5 25 5 W 3 TUA G, MG R B
N —0.423, 5 R EHIOE M R ECN 0.513:4
KW SR 50~1 500 kPa B, - R AR PE 5 Bk &
S AT P I8 B 3 IE A DG (P <C0.01) , 5 bk f i
35 BRI O 2K J) 2 300~1 500 kPa B, + 3 £F
KRV SRR E ARG ik, nT DA E S g e
o6 T b IX. = 357K R 7 119 G it R 2 8 0k 21 B
FEFRERL R R B R, SRR K R, B
e ) R DR Y IR RE K RE 0

H1 3R 6 AT, MG R FH 43 A X - 38 Y o g 3 th K
S AL E AR IR E 2R B E EAHK,

ZEH R E NG, 5 R R B U O 2
KMBEHOK & EE L EEELR S 22 B E Mk
FOEM AR R BB 0.503 F1 0,549, 5 HHES
IR R —E A Bk T R 545+
SEFRAL M R SE PN K JOROK B i S R A
IEAR G, SRR e 5t W IR A OGS e AR
i E G,
3 W
3.1 TEREkE

- HEAK 4> R AE Bl 2 48 A R I TR AR 1 S K R
AL B E K BE S F K EZ M X R, 2
IR IFSE L HEK R RS B AR S R 2 — b2
WF5E 4 HE K 43 5 vk a2 ™. XA+
B, T A2 B 0 T M b R S R M A
Jite A B A B K A R EE Y R, 4 R OK BB S AR TE
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o5 35 4%

—EZESF ., AR KN, [ — R T o
FITiE B % 2 R KA TR ZE M 2 A3, X &
BRI M 3R )2 - g R R % R, R E D
(0.65~0.71 g/cm®) , A LT % L 5, TR
P, - 18 AL I R Rl B A AL B B R FEARI T B Bt
K 3K 43 L T3 K B8 2CHE Y O 4 3 5 K AR

22 X S MIBP S AT 25 R — 3, HAR 3R )2 AR A
JEIRFRE XS A SRR K M HAT R I 52 1 117 S e b A
Wi S BT S A8 B — , - HE T b L B i B 1 )2 AR A i
Wz @& Al TRISFERE. SRR HMAER
ik 1.41,1.36 g/cm’ , i 32 )22 48 1% 58 90 A0 A IR O
22, IR PR 2 oK I L EM R A B
) I T T B A P L K TR O 1 RE BB 1
FE -SSRy R RN R B K AL T 1] T — B L B
LR NI 53— AR B - S B A4 a) iR sh.,
Z KK REHEVE 8 020 em HHEASE 5 IRAR. +
BESEH T A A K PE 25,11 2040 em £ )2 IR
W A 25 , {7 - 38 25 R AR X X S, - B R RORL B Y
%, LMK PR TRY ;80100 em + )2 TR RE S
ol OR T % R BT O TR RN, R 1R

RLFRL & 103 T Il )2 A RS N T b
AR S A SRR R ST L e R T b DX R A
2 H K AR AR T Ok L 45 4 2 1 HEAK A3 R AE il 26 A8 1k
B — & WA RIE, YRR 20—40,80—100 cm
+ 2 KM T 4080 em + )2, B 40—80 em +
JEHN A A JZ A 5 5 R0 25 A R R T oK I,
Jo s H K F R R L R/K BE 0 B R K SR L AR
T M JE R HH i DX PR SRR K M B 5 SR b R K R
2RI 22 A2 5 AT LRI S v e B T 3
R K PE 0 OC i PR R 3 URL 20 1, b - R K
PE SRR 5 R RL B i IE A OG, SRR B iR A
M X5 ) #E R T E SE fEar A R — 3L
SAB IR IF 5T & B, A b DX K R A 1 R A
A 18.61 % ~44.57 %0 , Rk & 1 R AERR KRR 1A K
SO A HE 22 R A9 K - HERRL S AR /N (0~
2.15%0) , T HERFACHERRES L 3k F2 2L 2 R O 0 JE A FH b X
- 8 M AR A O E R R WoTE A e S PR A
P AT DL K B AR R A R AT K 5 R AT A HR
VEA G A 1 -+ bR B i 1Y [ B A 280 S O
TR rh oK A SRR RN SR A 1Y R

x4 TRLHABLBITEKRSTEY

4 + )2 &I K/ HHOK/(em® « em™?) TeROK/
ey B /cm (cm® « em™*) 20K R EROK (cm?® « em™*)
0—10 16.69+3.49Ba 12.58+3.49Aa 12.354+3.54Aa 0.237£0.05Chb 31.51£1.02Ad
10—20 9.13£3.41Aa 11.53%3.41Ba 11.48+3.42ABa 0.0540.01Cc 36.124+1.01Ac
20—40 9.74=+1.36Ba 6.94+1.37Bb 6.51+1.44Bb 0.42740.07Cb 37.114+1.04Ac
it 40—60 4.90£1.02Cb 5.89+1.03Bb 5.54+1.08Bb 0.35+0.06Bb 40.00+=1.03Ab
60—80 2.347+0.64Bb 4.79£0.65Ch 4.46+0.70Ch 0.33+0.06Bb 42.854+1.03Aa
80—100 2.12£0.05Bb 8.00+0.16Aab 5.98+£0.42Ab 2.0240.36Aa 42.85+1.15Ba
0—10 4.27+1.35Cab 6.51+1.35Ba 6.37+1.38Ba 0.14=40.03Cc 28.60+1.02Bb
10—20 6.360.25Ba 2.35+0.27Cb 1.934+0.31Cb 0.41£0.06Cb 20.5841.05Cc
I 20—40 6.01+1.11Ca 4.49+1.12Bab 4.36+1.14Bab 0.1340.02Cc 35.854E1.02Aa
e 40—60 5.01£1.15BCab 5.63+1.15Bab 5.42+1.19Bab 0.2140.04Bc 33.814+1.02Ba
60—80 5.20+0.41Aab 3.96+0.44Cb 3.25+0.51Cb 0.71%0.10Ba 29.11£1.08Bb
80—100 3.52+1.18Ab 6.42+1.19Aa 6.26+1.22Aa 0.164+0.03Bc 28.55+1.02Db
0—10 6.12+1.21Cc 9.96+1.26Bbc 8.861.40ABc 1.104+0.18Bc 29.92+1.10ABc
10—20 8.00£1.13Abc 9.43+1.19Bc 8.164+1.33Bc 1.274+0.19Bbc 31.73%+1.12Bc
o 20—40 10.3840.67Bd 7.0040.75Bc 5.63+0.86Bd 1.3740.19Bbc 38.02£1.14Ab
40—60 15.21£2.74Aa 13.4+£2.76 Ab 12.76 =2.86 Ab 0.64+0.12Bc 22.614+1.05Cd
60—80 6.61+E1.94Ac 12.26£2.02Aa 10.74+2.38Aa 2.52740.43Aa 21.7741.20Cd
80—100 2.57+10.46 ABd 7.4240.56Ac 5.6340.70Ad 1.794+0.25Ab 46.044+1.19Ab
0—10 24.93+0.94Aa 11.354+1.09Ab 8.77+1.28ABb 2.58+0.36aAb 23.50+1.28Cc
10—20 10.59+£1.49Aa 16.43+1.64Aa 13.35£1.93Aa 3.0840.45Aab 30.76+1.30Bb
20—40 17.60+1.56Ab 13.21+1.66Ab 11.19+1.87Aa 2.0240.30Aab 24.26+1.19Bc
A 40—60 4.66+0.89Ce 13.97+1.06 Aab 10.78£1.33Aa 3.1940.45Aa 34.134+1.33Ba
60—80 7.33+1.20Ad 12.5541.34Bb 10.59+1.55Ba 1.96+0.30Aab 30.89+1.18Bb
80—100 4.4440.65ABe 8.104+0.74Ac 6.4140.88Ab 1.69+0.24Ab 33.6341.30Cab

BB AT AR E 2 R KRB PR R W — L E AR A A 280 22 57 3 (P <<0.05) 5 A [l /NG 8 36 % [ — 4 st i) A 2%
IR R £ J2 1Y 25 5% B 3% (P<<0.05) .,
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x5 AEIHAMALRBTERAESEAERBGEXE

+ K (géi:) EERING W ZI -1t A kL Y% Wk % BALBRE/ % E‘L;S/% }Lj[;fgf%
050 —0.423" 0.241 0.513" 0.334 —0.360 0.387 0.365 0.238
050 —0.334 0.161 0.565" " 0.376 —0.410" 0.308 0.256 0.213
0100 —0.271 0.140 0.604 " 0.403 —0.449" 0.253 0.155 0.210
000 —0.237 0.190 0.629° 0.413" —0.472" 0.221 0.086 0.212
0500 —0.229 0.217 0.633"" 0.412" —0.475" 0.211 0.074 0.208
0700 —0.224 0.234 0.634" " 0.412" —0.477" 0.205 0.068 0.203
01000 —0.219 0.251 0.636" " 0.413" —0.480" 0.197 0.063 0.197
01300 —0.212 0.267 0.637"" 0.415" —0.483" 0.188 0.058 0.190
T % FORTE 0.05 G WUB) MKMW 2 5« » RoR7E 0.01 HH R ML B3 . TR,
X6 FARATHAMAXBLEASEHSEAERNELE
LUK R (g‘f’i{s) HRLR/Y BRLY% BEY% DR STLBEE/% ﬂgs% %igj%
GEWARTTRIADI —0.566" " 0.219 —0.408" —0.141 0.206 0.579" " 0.053 0.586" "
LA 8K —0.343 —0.056 —0.263 —0.175 0.248 0.326 0.503* "  0.076
ALK —0.360 0.029 —0.293 —0.192 0.268 0.329 0.549* "  0.053
ZEHOK —0.129 —0.367 —0.031 —0.032 0.062 0.175 0.104 0.137
ToRK —0.208 0.271 0.638"" 0.413"  —0.481" 0.184 0.058 0.186

3.2 TEFHK

+ A WOK B AR K 8a SR R,
A DL W 4 ER B PR E K 4 W T e AR L 2R
GRS R B e B A AR XOR AR B VR 0—10
em T2 A ROK B E K EIEE R 22.65% ~26.80% 5
XU 4k g S0 X BB TR VT X AL G BEVE R B K M A 4
A RBOKBIEFE S B o 33 FL B RE S DS T K A R PR 1Y
KHEHN ZE, 060 cm N - HEH 0K & &k 13.05 ~
17.13 em®/em’ . ASHFSE & B, 05 JE B H Hb IXOR [R] +
Hu R FH 2R+ A UK & A 22 5, AR L2
BRI ZES B EHR 3.96~16.43 cm” /em” , &L
PRI R K H 2% 4 2 38K 0 A8 s50bE f s b 2
Mk 2z i w R/, [l — 2T M 010 em +
JZ KA BOK B i e X TR R Ml 3% 2 -
FEE RN AT B ALK, K G 25 B RO i I
ORI 5 3 B b 45 4 2 - 38 3% AR 0 0 HE 25 4
B 2% BAE AL BE BN oA ROK & i B AR w1
K& L2 A OK L E D 8.10 ~13.97
em®/em®, BV E T A 3 R R RS AL, =R
S e B B AL 0 RS L i AR R B K 4y, § 3
- B KA KT K 6, - S AR AR R S )
K AEHIER R EMNE — A THGERE, HIEEY
FLBEE 38 A, T R R K A A R AR
0—40 cm + 25 155 /K H 4 580 AR, (H 2 1+
B sOK S =R F /K L 3] 58 AN [R /R 9 4R 2R ik

FFH K 43 (4 RE 7 LA B W 85 i AS ) e 35 AR R 5
R AE 80—100 cm 2 I 4 4 HUF| S 7Y + 1
ARG EEFEAKR, EARGERFTE 6.42~8.10
em®/em® JEFEH K Z £ 5832 A8 TN, T
LG 22 SR K. ABFGE b E KA 2k S5
b G BB SLBRE R IEASE, SR R MAE RN
DG X 5 kA RE B g 4 R — 3. BkAh, 45
il 25 8+ HE 52 0K R JE R0K 5 i B - 198 A 2 4
2 T HASOK A R, 5 A8 B A i o 2 R
A—F, A5 T AT DL S 4 A SOK & s AR
BORL, DL 564 20K & 1 48 b il 2 7K RS 1 18 T 7
TR 7K St 76T 2 VR 0E A 1 [R) B e s FH K AT
& USSR ERTRI%R.
3.3 HBRHETEASEEST

K AR A R A O R H IS 2
P2 52, K A G MR ad B b AR S RS 45 H S5 DI RE Y
CEAMREE e e RS AR S R G T A8 R 25 R
DX 53] 55 A b X A T AR S R G0 Y LR KR AR . R AT
FErh, L TH A AR M 3R 2 4 S oK S = L O 16,69
em®/em® , HHERYAE B AT LI TR B A A — T
KRR BE 758 5 1 2 A SRR AR = L FF K
PR L 3 % B MR b FL A AR 5 0 & HERE L BE S A
B REK EHR T AR 2 9T 75 7K 43 1 () B 384 o g kA
BRGKIEWFETIRE N RS HAE D) 1E 5 A K At
ER Ky B E N ERREWIEFBIT. 5
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o5 35 4%

TR XK A P M (GR D i e A S R g
7K B e K AR T b Bl 8 ZE RO T A PE R L K
P L B 6 T ) R B T Az 3, DA 72 0 R K B 0 4
FHFNK A H 2 T 1) 45 o5 A 7K 43 A8 A () e 2 FH ) AH
i  DRUEAVE ) 1 T 5 AR A, 3 17 38 e /K Fid H K 4098
T BT 3 %) 1 K TS e R RO T T X L
- B DA [ A s 4 T 5 =X 3K o A8 AR AR A 3
Fofs HE ) PR 7K 00 S i L 6 ) 2 2 R AR R B i T RN
IKAE B R OK A B, B8 - X - 2 RE, i
KR AR L AN BE S AR K A o T ASHIE 5 K
LML 20—40,80—100 cm 37 AR PER 38 L A 24 T
B 7K 2 B0 2 0 JE A T b X4 0K G o 2 1 5L IR

BKAES) . SRR L DA FHAH 0, e e ot b
L K RE D0 HABOK & B TR A
BE LWL R, LR EE - ERNAEKE T
F R BUK T, 5 I8 85 B

Lk BRI RS JE B T BRAR— A R — B — T
ARG E S (A5 TR A [A] - M) 28 28 - K o
FRE AT AR A S RG2S (A K 7 I BE 7 K Mt R B
R 7 HERE 7, B B DROK TR HE ALK 23 23 BiE AY
PERT P B 25 53t 1 e JE B0 HVRRAT B9 LU ABE A 25
S PRI R4 A 7 R KR R R i e R
T FON R AR — A B T 0] 3L 2 B S (] 45 44 B9
PRAr A CE s xoF b Ui AR AR B LA L T L 2242 25 8

A A T 95 B R L3 K PR 250 o T 4 R RS T A AR K F, 2248 K Al it dE AR IR A S R G B EEER
£7 MEREESFGLHEAS BT
WHRIEARS TR TRAREN TREAR EESAAN TR
WIFERERLE ] WECHE EREHAG.Y BERK. BYAEG.EE  ABDAHRRNEKEN. B BAKA
- WIAAZE  KEE mY S e
240 BEE A DRI L T
AEUKBEHALE ZHATHES ME.EW SRR ERE DRSEEEE  BREEL DMK BE  BHUAREOZEL AR B0 RL
B4 A fikm MRy SRETRSTEE EK B kSR
RLEREARBE BRAHHER BHLBEE BOEATREABERL o BIEIS B0 E K R S d
LA EED Yy 5% EET) BB 2 mEEA TR KN E
FRELRANAS BRIABLE MR L RERA R TREE AR A RSB LR
o BHER BREEF
FlfLoes] B ARH " B35 30% BB BRAER PEEREKE AR5
4 5w

(DM JERR 4 FhAS 5] 4 1) FH 2 70 4 e 25 T AR
AL 0.61~1.41 g/cm®, H 0—40 cm 5 40—100
em ZRPERE, LAV E RN 1172 ~9.65%;
AL R AR B AL A S A B
B LI B A A 5 B0 bR > 5 RN K FH > SR M,
BCAN AR5 X A 48 5T b DA RS 00 18 O L B R i
S RLIR Z  FRL S AR D

(2) 520 W JE A - SR K MR £ 5 R R R 4
WURLZH B . AN [A] = b R FH 2 RUAR [R] W R S bRl R
TR Z AR 2 A REK BE S g KR A
IKAE 825 oK TS 3 20—40,80—100em + 3 1Y
FEoK M fesim . BT 5 L WF 98 DXOMR M 1 H5 K M d R
LR 2 5 b RN K 2 5 M ) K PR AR

()M JEREH A A A HIZE AR R 4 )2 A%
KEBEHSEEARERIEMX, £FR—L2AFEL
R IR A UK & B R A 2 UK H & 12
K AT UM e e PRGBS VR 22 S AR /) )
— T H A AR ,0—10 em 1 J2bHh 43K 43 Rk
it 20— 80 em 4 JZE 7K H RIS ML % 157, 80— 100 cm
+EA R A UK ZE S AR,
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